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© Solid electrolytic capacitor. 

© A solid electrolytic capacitor having excellent characteristics in ternns of both electrical properties and 
thermal stability is obtained by employing a solid electrolyte comprising both an electrically conductive polymer 
layer (I) formed by a chemical oxidation method and an electrically conductive polymer layer (11) formed by an 
electrochemical oxidation method. 
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SOLID ELECTROLYTIC CAPACITOR 



15 



20 



The present invention relates to a solid electrolytic capacitor -that utilizes an electrically conductive 
polymer as a solid electrolyte. 

The development of digital devices in recent years has given rise to a demand for large-capacity 
capacitors which have excellent high-frequency characteristics; and studies have been made directed to the 
5 application of an electrically conductive polymer in this field. 

Examples of known capacitors which have excellent high-frequency characteristics include thin-film, 
mtca and ceramic capacitors. These conventional capacitors, however, involve the problem that, when they 
are designed to obtain an electrostatic capacity of 1 uF or more, their size is increased, and the producUon 
cost is also raised considerably. 
w Electrolytic capacitors which are known to be large-capacity capacitors include two types, that is. the 
liquid electrolyte type in which a liquid electrolyte is impregnated, and the solid electrolyte type in which 
manganese dioxide is employed as a solid electrolyte. The former type of electrolytic capacitor which 
employs an electrolyte in a liquid state utilizes ion conduction, and there is therefore a remarkably 
increased resistance in the high-frequency region, whereby the impedance of the capacitor Increases 
disadvantageously. The latter type of electrolytic capacitor employs as a solid electrolyte manganese 
dioxide and a charge transfer complex consisting of a combination of 7.7.8.8-tetracyanoquinodimethane 
(hereinafter referred to as TCNQ) and an electron donor. 

The type of electrolytic capacitor which employs manganese dioxide as a solid electrolyte is obtamed 
by thermally decomposing manganese nitrate since manganese dioxide is an insoluble solid substance. 
This type of electrolytic capacitor also has relatively high impedance in the high-frequency region, partly 
because manganese dioxide has a relatively high specific resistance, and partly because it is subjected to 
thermal decomposition several times to obtain manganese dioxide. Also a dielectric oxide coating provided 
on this type of electrolytic capacitor may be readily damaged, and the loss current of the capacitor thus 
increases to a remarkable extent. 
25 The type of electrolytic capacitor which employs as a solid electrolyte a charge transfer complex 
consisting of a combination of TCNQ and an electron donor has already been proposed (see Japanese 
Patent Public Disclosure No. 191414/1983. No. 17609/1983). However, this TCNQ charge transfer complex 
which has high electrical conductivity suffers from thermal instability and therefor involves a risk of the 
complex being decomposed during the capacitor manufacturing process to become an Insulator. 
30 A type of electrolytic capacitor which employs as a solid electrolyte a heterocyclic polymer obtained by 
a electrochemical polymerization method has been proposed in recent years (see Japanese Patent Public 
Disclosure No. 24401 7M 985. No. 2315/1986). 

The electrolytic capacitor described above comprises an electrode having a dielectnc oxide coating 
thereon and a solid electrolyte consisting of an electrically conductive heterocyclic polymer which is formed 
by an electrochemical oxidation method. However, forming the electrically conductive heterocyclic polymer 
on the dielectric oxide coating is impossible or. at least, difficult because the dielectric oxide coating is an 

'"^"ulually an electrically conductive polymer is formed by a chemical oxidation method or an elec- 
trochemical' oxidation method. The polymer which is obtained by the former method has poor mechanical 
strength. No polymer is formed on the dielectric oxide coating using the latter method because the 
dielectric oxide coating is an insulator. , . ^« 

It is a first object of the present invention to provide an electrolytic capacitor by employing an 
' electrically conductive polymer as a solid electrolyte for the capacitor. 

It is a second object of the present invention to provide an electrolytic capacitor which is excellent in 
both electrical characteristics and thermal stability superior to that of the conventional capacitors. 

Other objects and advantages of the present invention will become apparent to those skilled in the art 
from the following description and disclosure. ^,«^*.«i„ti^ 
Fig. 1 is a schematic, partial, sectional view illustrating the construction of a solid electrolytic 
capacitor according to one embodiment of the present invention. 

The present inventors made exhaustive studies with a view to attaining the above objects and have 
found that the above-described disadvantages of the prior art can be overcome by providing a solid 
electrolytic capacitor comprising, in combination, an. electrode having an adherent dielectric oxide coating 
thereon and a solid electrolyte comprising both an electrically conductive polymer layer (I) which is formed 
by a chemical oxidation method, contacting a monomer with an oxidizing agent, and an electncaiiy 
conductive polymer layer (II) which is formed by electrochemical oxidation method. 
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The invention will be better understood from the following description taken in conjunction with the 
accompanying drawing. Fig. 1. which partially shows the construction of an electrical capacitor which 
embodies the present invention. 

The surface of an electrode 1 which is roughened by an electrochemical treatment is oxidized by an 
5 electrochemical oxidation treatment or an air oxidation treatment whereby a dielectric oxide coating 2 is 
formed on the electrode. 

A solution containing an oxidizing agent in a concentration of 0.001 mol/l to 2 vnoVi is dispersed 
uniformly on the dielectric oxide coating by dipping, coating or spraying and the oxidizing agent is then 
brought into contact with a monomer of an electrically conductive polymer (I) or a solution of the monomer 
ro in a concentration of more than 0.01 mol/l. Consequently, an electrically conductive polymer layer 3 which 
is obtained by a chemical oxidation method is formed on the dielectric oxide coating 2. The electrically 
conductive polymer layer 3 is able to be formed by an inverse procedure in which the monomer is brought 
into contact with the oxidizing agent. 

The electrically conductive polymer layer 3 is used as an anode for electro polymerization. An 
15 electrically conductive polymer layer 4 which is obtained by an electrochemical oxidation method is formed 
in a cell containing a solution of a monomer of an electrically conductive polymer (II) in a concentration of 
0.01 mol. I to 5 mol- 1 and an electrolyte salt in a concentration of 0.01 moM to 2 mol/l. Consequently, the 
electrically conductive polymer layer 4 is formed on the electrically conductive polymer layer 3. 

A counter electrode is brought into contact with the electrically conductive polymer layer 4 using an 
20 electrically conductive adhesive (silver paste etc.) The capacitor of the present invention is completed by 
the procedure described above and is then molded with epoxy resin. 

The electrode used in the capacitor of this invention is generally selected from either aluminum or 
tantalum. 

Commonly used oxidizing agents include a halogen such as iodine, bromine and bromine iodide; a 
25 halide such as antimony pentafluoride, arsenic p^ntafluoride, silicon tetrafluoride. phosphorus pentachloride. 
phosphorus pentafluoride, feric-chloride, aluminum chloride and molybdenum chloride: a protonic acid such 
as sulfuric acid, nitric acid, fluorosulfuric acid, trifluoro methane sulfuric acid and chlorosulfuric acid: a 
compound containing oxygen such as sulfur trioxide, nitrogen dioxide and chlorine dioxide; a persulfate 
such as sodium persulfate. potassium persulfate and ammonium persulfato: and a peroxide such as 
30 hydrogen peroxide, peracetic acid and difluorosulfonil peroxide. 

The preferred compounds of said oxidizing agent are chlorine dioxide and ammonium persulfate. 
Said electrically conductive polymer layer (I) which is fonmed by a chemical oxidation method is 
generally selected from the group consisting of polypyrrole, polythiophene, polyaniline and polyfuran. The 
preferred polymer of said electrically conductive polymer layer (I) is poiypyn-ole or polyaniline. 
35 Said electrolyte salt consists of an anion and a cation. Commonly used anions include an halogenated 
anion such as hexaflurophosphate. hexafluoroarsenate, tetrafluroroborate and perchlorate, a halide such as 
chloride, bromide and iodide; and a sulfonate such as alkylbenzenesulfonate. aminobenzenesulfonate. 
benzenesulfonate and j3-naphthalenesulfonate. The most preferred anion is sulfonate. 

The commonly used cations include an alkali metal cation such as lithium, sodium and potassium; and 
40 an ammonium cation such as ammonium and tetraalkytammonium. 

Suitable electrolyte salts include lithium hexafluorophosphate. lithium hexafluoroarsenate. lithium perch- 
lorate, sodium iodine, sodium hexafluorophosphate. sodium perchlorate. potassium iodide, potassium 
hexafluorophosphate. potassium hexafluoroarsenate, potassium perchlorate. lithium tetrafluoroborate and 
tetrabutylammonium toluenesulfonate. 
45 Said electrically conductive polymer layer (II) which is formed by an electrochemical oxidation method 
is generally selected from the group consisting of polypyrrole, polythiophene. polyaniline and polyfuran. The 
most preferred electrically conductive polymer layer (II) is poiypyaote or polyaniline. 

It is known that an electric capacitor haying a TCNQ charge transfer complex as an electrolyte has 
excellent high-frequency characteristics. However, the TCNQ charge transfer complex suffers from thermal 
50 stability and therefor involves a risk of the complex being composed during the capacitor manufacturing 
process to become an insulator. Furthermore, forming an electrically conductive hetrocyclic polymer having 
excellent mechanical strength by an electrochemical oxidation method on an electrode having a dielectric 
oxide coating is impossible, t^ecause the dielectric oxide coating is an Insulator. 

The above-described disadvantages can be overcome by the solid electrolytic capacitor of the present 
55 invention. This solid electrolytic capacitor having an organic semi-conductor as a solid electrolyte is 
excellent in both electrical characteristics and thermal stability. 

The present invention will be explained more specifically below by way of Examples, though it is in no 
way restricted to these Examples. 

3 
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Example 1_ 

An aluminium anode foil (thickness: 60 urn) having a dielectric aluminium oxide coating formed thereon 
by an electrochemical oxidation treatment was dipped in an aqueous solution containing 0.04 mol I 
ammonrum persulfate under reduced pressure conditions for 10 minutes and then dried. 

The anode foil was dipped in acetonitrile containing 2.0 mol I pyrrole monomer under reduced pressure 
conditions for 10 minutes. A thin layer of polypyrroie was formed on the dielectric aluminium oxide coating 
by a chemical oxidation method. 

Subsequently, the anode foil was dipped in an aqueous solution containing 0.2 moli pyrrole monomer, 
0.02 moM oxalic acid and 0.05 mol/ t tetrabutylammonium toluene-sulfonate as an electrolyte. The anode 
foil was used as an anode and a stainless steel plate was used as a cathode. A uniform black layer of 
polypyrroie was formed galvanostatically on the anode foil under a current density of 0.5 mAcm^ applied 
for 150 minutes. After a counter electrode had been brought into contact with the black layer of polypyrroie 
using a silver paste, a capacitor was obtained and then molded with epoxy resin. 

The characteristics of the obtained capacitor are shown in Table 1 . 



Example 2 

Ethyl ether containing 0.1 moL t iodine was sprayed on an aluminium anode foil (thickness: 60 urn) 
having a dielectric aluminium oxide coating formed thereon by an electrochemical oxidation treatment and 
the anode foil was then dried. 

After dipping the anode foil in pyrrole monomer for 30 minutes under reduced pressure conditions, a 
black layer of polypyrroie was formed on the dielectric aluminium oxide coating by a chemical oxidation 
method. The following procedures were carried out in a similar manner to Example 1 . 

The characteristics of the obtained capacitor are shown in Table 1 . 
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Example 3 

An aluminium anode foil (thickness: 60 urn) having a dielectric aluminium oxide coating thereon was 
dipped in an aqueous solution containing 0.02 mol/ 1 feric chloride for 2 minutes under reduced pressure 
conditions and then dried. 

After dipping the anode foil for 30 minutes in an aqueous solution containing 0.1 mol/ 1 pyrrole 
monomer, a black layer of polypyrroie was formed on the dielectric aluminium oxide coating by a chemical 
oxidation method. The following procedures were carried out in a similar manner to Example 1. 

The characteristics of the obtained capacitor are shown in Table 1 . 



40 Example 4 

An aluminium anode foil (thickness: 60 urn) having a dielectric aluminium oxide coating formed thereon 
by an electrochemical oxidation method was dipped in pyrrole monomer. When a gaseous mixture 
containing 5 vol% chlorine dioxide was brought into contact with the anode foil for 5 minutes, a black layer 
45 of polypyrroie was formed on the dielectric aluminium oxide coating by a chemical oxidation method. The 
following procedures were carried out in a similar manner to Example 1. 
The characteristics of the obtained capacitor are shown in Table 1 . 



50 Comparative Example [ 

An electrochemical oxidation treatment was carried out similar to Example 1 except that a layer of 
polypyrroie was formed on a dielectric aluminium oxide coating by a chemical oxidation method. Polypyr- 
roie was formed on only a part of the dielectric aluminium oxide coating and no uniform layer of polypyrroie 
55 was formed. 
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Example 5 

An aluminium anodo foil (thickness: 60 urn) having a dielectric aluminium oxide coating formed thereon 

by an electrochemical oxidation treatment was dipped in aniline monomer. 
5 After a gaseous mixture containing 5 vol% chlorine dioxide had been brought into contact with the 

anode foil for 10 minutes, a layer of polyaniline was formed on the dielectric aluminium oxide coating by a 

chemical oxidation method. 

Subsequently, the anode foil was dipped in an aqueous solution containing 1.0 moi/t aniline monomer 

and 1.0 mol- 1 sulfuric acid as an electrolyte. The anode foil was used as an anode and a platinum plate as 
ro a cathode. A uniform dark green layer of polyaniline was formed on the anode foil galvanostaticaily under a 

current density of 0.5 mA/cm2 applied for 150 minutes. After a counter electrode was brought into contact 

with the dark green layer of polyaniline using a silver paste, a capacitor was obtained and then molded with 

epoxy resin. 

The characteristics of the obtained capacitor are shown in Table 1 . 

75 

Example 6 

A sintered tantalum anode pellet having a dielectric tantalum oxide coating formed thereon by an 
20 electrochemical oxidation treatment was dipped in an aqueous solution containing 0.04 mol; I ammonium 
persulfate under reduced pressure conditions for 5 minutes and then dried. 

The anode pellet was dipped in an aqueous solution containing 2.0 mol/t pyrrole monomer and 0.02 
mol/ 1 adipic acid under reduced pressure conditions for 10 minutes. A thin layer of polypyrrole was formed 
on the diefectric tantalum oxide by a chemical oxidation method. 
25 Subsequently, the anode pellet was dipped in an aqueous solution containing 0.2 mol/t pyrrole 
monomer. 0.02 moVl oxalic acid and 0.05 mol/t lithium perchlorate as an electrolyte. 

The anode pellet was used as an anode and a stainless steel plate as a cathode. A uniform black layer 
of polypyrrole was formed galvanostaticaily on the anode pellet under a current density of 0.5 mA^cm^ 
applied for 150 minutes. After a counter electrode had been brought into contact with the black layer of 
30 polypyrrole using silver paste, a capacitor was obtained and then molded with epoxy resin. 
The characteristics of the obtained capacitor are shown in Table 1 . 



Example 7 

35 

A sintered tantalum anode pellet having a dielectric tantalum oxide coating formed thereon by an 
electrochemical oxidation treatment was dipped in pyrrole monomer. 

After bringing a gaseous mixture containing 5 vol% chlorine dioxide into contact with the anode pellet 
for 5 minutes, a black layer of polypyrrole was formed on the dielectric tantalum oxide by a chemical 
40 oxidation method. 

The following procedures were carried out in a similar manner to Example 6. 

The characteristics of the obtained capacitor are shown in Table 1. 
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Table 1 



Ex . 




Solid 
Electrolyte 


Electrical Characteristics 


Cap (pF/cm') 


tan 6 (%) 


1 


aluminium 


polypyrrole 


2.2 


1,5 


2 


aluminium 


polypyrrole 


2.0 


1.3 


3 


aluminium 


polypyrrole . 


2.1 


1.8 


4 


aluminium 


polypyrrole 


2.2 


1.3 


5 


aluminium 


polyaniline 


2.0 


1.2 


6 


tantalum 


polypyrrole 


1.2 


1.0 


7 


tantalum 


po ly py r r o 1 e 


1.2 


0.9 



In Table I. Cap means electrostatic capacity at 120 Hz. tan 5 means dielectric loss tangent at 120 Hz. 
Electrostatic capacity of the aluminium anode foil and the tantalum pellet used in Example show 2.0 uF'cm: 
and 1.0 uF. respectively, when an aqueous solution containing 50 g/l boric acid, 50 g/t citric acid and 50 
m 1. 1 ammonia water (28 wt%) is employed as liquid electrolyte. 



Claims 

1. A solid electrolytic capacitor having excellent characteristics in terms of both electrical properties and 
thermal stability comprising, in combination, an electrode having an adherent dielectric oxide coating 
thereon and a solid electrolyte comprising an electrically conductive polymer layer (i) formed by a chemical 
oxidation method by contacting a monomer with an oxidizing agent and an electrically conductive polymer 
layer (II) formed on the electrically conductive polymer layer (I) by an electrochemical oxidation method. 

2. The solid electrolytic capacitor according to Claim 1, wherein said electrode is made of aluminum or 
tantalum. 

3. The solid electrolytic capacitor according to Claim 1 or 2. wherein said electrically conductive 
polymer layer (1) is polypyrrole or polyaniline. 

4. The solid electrolytic capacitor according to any of the Claims 1 to 3, wherein said oxidizing agent is 
chlorin.e dioxide. 

5. The solid electrolytic capacitor according to any of the Claims 1 to 4. wherein said electricaliy 
conductive polymer layer (II) is polypyrrole or polyaniline. 
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Fig. I 
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